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We utilize the MIT bag model and two different versions of the Color Dielectric Model in
order to study the properties of strange matter, and to discuss the stability of strangelets.
We also investigate the effect of the introduction of perturbative gluons. The MIT bag
model and the Double Minimum version of the Color Dielectric Model allow the existence
of strangelets, while the Single Minimum version excludes this possibility.
1. Strangelets in the MIT bag model
We consider homogeneous quark matter made up of u, d and s quarks. We assume
that, during a high energy collision between heavy ions, this state of matter, if formed,
can only survive for a very short time, so that it has no time to reach β equilibrium;
hence we do not impose chemical equilibrium on the density of strange quarks, limiting
ourselves to assume that there exists in the system a strange fraction Rs = ρs/ρ, ρ being
the total baryon density of quarks and ρs the baryonic density of strange quarks. Our
aim is to find out whether this system is more or less stable than hyperons, in order
to understand which state is more likely to be produced in heavy ion collisions, either
hyperons and strange mesons or strangelets. For all the details see Ref. [1]. We evaluate
the minimal energy per baryon number of our system as a function of Rs and compare this
curve with the experimental masses of hyperons and the theoretical ones calculated in the
model according to formula (3.6) of Ref.[2]. We do not take into account surface effects,
which would increase the energy of about 50-100 MeV. We use different combinations of
the model parameters, and in all cases we find that in the MIT bag model strange quark
matter is more stable than hyperons. Even after the introduction of perturbative gluons,
which contribution to the energy density is given by [3]:
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where: xf =
kFf
mf
, ηf =
√
1 + x2f , we find that the MIT bag model, apart from rather
extreme choices of the model parameter, allows the existence of metastable strangelets.
20.9
1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
0 0.5 1
R
s
(E
/N
) mi
n 
(G
eV
)
0.8
1
1.2
1.4
1.6
0 0.5 1
R
s
(E
/N
) mi
n 
 
(G
eV
)
1
1.2
1.4
1.6
1.8
0 0.5 1
R
s
(E
/N
) mi
n 
(G
eV
)
Figure 1. Left panel: results in the MIT bag model. Middle panel: results in the DM
version of the CDM. Right panel: results in the SM version of the CDM. In all panels: full
circles are the experimental Hyperon masses, while all other symbols are the calculated
masses: for details see Ref. [1].
2. Strangelets in the CDM.
The Lagrangian of the model is:
L =
∑
f=u,d,s
ψ¯f iγ
µ
(
∂µ − igs
λa
2
Aaµ
)
ψf −
gfpi
χ
∑
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ψ¯fψf −ms (χ) ψ¯sψs +
+
1
2
(∂µχ)
2
− U (χ)−
1
4
κ (χ)F aµνF
aµν , (2)
where ψf are the quark fields, A
a
µ is the (effective) gluon field, F
a
µν its strength tensor
and χ is the color dielectric field, a scalar field which represents a multi-gluon state; we
choose two different forms for the potential U(χ): a quadratic one (corresponding to a
single minimum, SM) and a quartic one (corresponding to a double minimum, DM). We
compare our results with the masses evaluated in the works by Aoki et al. [4] (DM version)
and by J. McGovern [5] (SM version).
We find that in the DM version strangelets are more stable than hyperons, while in the
SM version they are not, as shown in Fig. 1. In the latter our curves are slightly below the
calculated masses, and well above the experimental ones; thus, taking into account surface
effects of about 100 MeV, we can conclude that in this case strangelets are forbidden.
Our analysis shows that those models which describe a two-phase picture, like the MIT
bag and the DM version of the CDM, allow the existence of strangelets, while the SM
version of the CDM does not.
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